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ABSTRACT

: A liquid scintillation method for the quantitative determination
E of Ni63 in seawater is described. The method consists in camplexing .
) the nickel in seawater with dimethylglyoxime, extracting it into ;
chloroform, and then back-extracting the nickel into an aqueous phase
using dilute sulfuric acid. An aliquot of this sample is added to a
scintillation solvent and counted in a liquid scintillation counter.
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SUMMARY

A rapid method for determining 11163 in seawater has been deveioped.
This method will be used for studying the corrosion of SNAP fuel encap-
sulant materials, using neutron activation analysis. In this procedure
a sample of the nickel slloy encapsulant gaterial is irradiated to pro-
duce the beta-emitting product nuclide Ni 3. The activated alloy is
then placed in the corrcding seawater medium. Periodically the seawater
is drained from the sample chamber and the concentration of Ni63 is
determined. The rate of corrosion of the alloy sample is then calcu-
lated from the rate at which its principal constituent, Ni, is released.
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INTRODUCTION

T, L

A radiochemical procedure for messuring Ni63 in seawater was
needed for determining accurately, in a short-term study, the rate of
corrosion in seawater of a nickel alloy used to encase radiocactive
fuels in SKAP (Space Muclear Auxiliary Power) reactors.

+
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Corrosiorn-resistant materials are used for encasing radiomclide
fuels to prevent, in an accident situation, the leskage of radiocactive
materials to the enviromment.

g
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Several types of fuels being considsred have long half-lives, in
trke order of a mndred yeurs. A major enviromment in which these fuels
might be immersed in caze of an accideat is the ocean. In this coss,
the container would bave {0 maintuin its integrity for nery hundreds cf
years. However. predicting the long-term resistance cof a suitable
material reguires highly asccurate short-term measurement of its corro-
sion rate. ZPresent mrescurement methods, for example differential weigh-
ing techniquez, have proved generally unsatisfactory. The problem in-
volved here is twofcld: 1. There is difficulty in detecting the
extremnely small waight loss due te ccrrosion of the specimen, 2. the
accamlation of organic or cther matter requires abrasive cleanisg of the
sample before final reweighing; this may cavse some damage to the sur-
face and consecuently interfere with the differential weighing technique.

a0 BIF oAb A

OBJECTIVE

A program has veen initiated at the U. S. Naval Radiological Defense
Iaboratory to attempt to refine the measurement tecnnique so as to be sble
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to obtain accurate, short-term data on corrosion rates of a number of
highly corrosion-resistant encapsulant materials. One alloy presently
being studied is Hastelloy C, a metal composed of ~ 57 % Ni, 16 % Cr,

17 $Mo, 4 $W and 5 ¢ Fe. The metai sample is to be irradiated with
thermal neutroas and the rate OE corrosion is to be followed by measuring
the activities (primarily of Ni03) of the radioactive products leached
into the seawater solution.

APPROACH

N:L63 is a beta-emitting isctope with a half-life of 92 years. Since
the nighest energy radiation associated with the nuclide is a 67-Kev
beta-ray, difficulty is encountered in the ordinary counting techniques
requiring soiid sovrces. Self-absorption reduces the counting efficiency
of solid samples and makes the intervretation of the deta difficult.
Gaseous samples, such as nickel carbonyl, on the other hand, present
difficult problems of handling and system decontamination. For these
end other reasons, a liquid-scintillation counting technique seemed the
most promising approach. A previously reported studyl had demonstrated
the feasibility of the liquid-scintillation counting of N153.

In the technique devised here, N163 activity in seawater is chelated
with dimethylglyoxime. The activity is concentrated by extraction with
a small volume of chloroform. The sample is then prepared for counting
by back-extraction into ar agqueous medium.

Sirex & high concentration of Ni in the final scintillator solution
acts as a queaching agent, the operations are performed without the
eddition cf nickel carrier. Consequently, quantitative removal of the
nickel activity is required.

EXPERIMENTAIL
MATERIALS

A1l chemicals used were ACS Reagent Grade.
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Scintillator Solution: The scintillator solution conteined 10 g of
2,5-diphenyloxazole (PPO) and 0.25 g of 1,k-bis-2(4-methyl-5-phenyloxa-
zoly)-benzene (dimethyl POPOP) dissolved in toluene to make one liter of
solution. The solution was stored in an amber bottle in the dark.

Standard Solutions: A secondary standard of Ni%3 in dilute hydro-
chloric acid was obtained from the Oak Ridge National Laboratory. The
radiochemical purity was certified to be 99 %. Its specific activity
was 1.57 x 105 dpm/pg Ni. This solution was check~-calibrated against an

intercalibrated® primary standaxrd obtained from the Atomic Weapons Reseaach

Establishment, Aldermeston, Berkeshire, England. Aliquots of the second-
ary standard were used throughout in the experimental procedure.

Tracers: The radioactive tracers were used in the form furnished
by Oak Ridge National ILaboratory.

APPARATUS

The counting system used was & Tri-Carb liquid scintillation spectro-
meter, Model 314-A (Packard Instrument Co., Ia Grange, I11.). The freezer
section was maintained at 0°C.

Samples were counted in 22-ml screw-capped vials.

The counting instrument was ca%ibrated to optimum settings of window
width and high voltage using the N:iO3 secondary stendard. First, optimm
high-voltage settings were determined at a fixed window width. Then op-
timm window settings were obtained at a fixed optimm high-voltage set-
ting. The final conditions chosen were a high-voltage tap setting of

k.5 and a window-width setting of 6.00. Background at these settings
averaged 20 + 2 cpm.

Counter efficiency was established by diluting the N163 primary
standard so that 1 ml of the final solution contained 6.80 x 104 dpm.
One-ml aliquots were placed in counting vials and the scintillator solu-
tion was added. The average measured counting rate was 1.66 + 0.01 y 10%
cpm, or a detection efficiency of 24.5 + 0.15 %. -
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PROCEDURE

Place 100 ml of seawater sample containing the Ni63 activity into a
separatory funnel. Add 0.5 ml of an ethanolic solution of dimethylgly-
oxime (1 %). Mix the sclution thorcughly and allow to stand for at least
10 min. Extract the nickel dimethylglyoxime by shaking with 10 ml of
chloroform for 2-3 min. Drain the organic phase into another separatory
funnel. Then wash the aqueous phase with 1O ml of chloroform and com-
bine the organic extracts. Discaxd the aqueous phase. Back-extract the
nickel into an aqueous phase by adding 10 ml of C.l N sulfuric acid and
shaking for 1-2 min. Drain the organic phase into a clean separatory
funnel and the aqueous phase into a 50-ml teflon beaker. Wash the org-
anic phase with 10 ml of 0.01 N sulfuric ecid. Discard the organic phase.
Combine the aqueous phase with the previous one in the teflon beaker.
Evaporate the solution tc approximately 3 ml. MTransfer quantitatively
into & 5-ml volumetric flask and dilute to the mark with water rinses of
the teflon beaker. Pipet 1 ml of the solution into a vial containing 10
ml of scintiliator solution and-10 ml of ethanol. Mix the system thor-
oughly. Place the sample in the refrigeration chamber of the counter
for 30 min before measuring its activity.

PROCEDURE DEVELOPMENT

In the development of this procedure for the determination of Ni63

in seawater, two groups of parameters were investigated.

The first comprised those factors that affected the counting rate
of the liquid scintillation sample: concentrations of scintillators,
aqueous volume, linearity of counting, reproducibiiity of counting, tem-
perature, acidity, and stability of the counting sample.

The second comprised those factors concerned with the extraction of
the nickel activity from the seawater: concentration of dimethylglyoxime
reagent, pH of the sesgwater solution, recovery factors, back-extraction,
and extraction of possible interfering radionuclides.
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PARAMETERS AFFECTING COUNTING RATE OF LIQUID SCINTILIATION SAMPLES

Concentrations of Scintillators

To determine the optimm concentrations of the primary and second-
ary scintillators, identical radioactive samples containing varying
amounts of scintillators were prepared and counted. The results indi-
cated that a PPO concentration of 10 g per liter of toluen= and a POPOP
c(:oncentfation of 0.25 g per liter of toluene would be satisfactory

Figo ale

Effect of Aqueous Volume

Since liquid scintillation systems generally do not tolerate large
volumes of aqueous solution, 1t was necessary to study the volume limits
of samples being used in the toluene-ethanol system. In this s 0.5
to 1.8 ml of solution containing known, identical smcunts of Ni©3 were
mixed with 20 ml of the scintillator-c4hanol solution and counted. The
results are presented in Table I. It appeared that if aqueous solution
aliaots of larger than 1.2 ml were added to the scintillator solution
there would b~ a decrease in the total number of observed counts. A
part of the decrease in counting rate was probably due to some effect
caused by the dilution of the scintillator as the aqueous volume incre-
ased. The agqueous aliquot volume was therefore set at 1 ml.

Iinearity of Counting with Increased Concentration of N163

To determine the linearity of counting ratio with vary%ng activity
levels, standard solutions containing varying amounts of Ni 3 were pre-
pared. One-ml aliquots of each solution were added to 20 ml of the
scintillator-ethanol soluticn and counted. The results (Fig. 2) indi-
cate a linear relationship between the true and observed counting rate
over a wide range of activities. Counting errors were less than 1 %.

Reproducibility

To study the reproducibility of sample preparation, five identical
N163 samples were individually prepared and counted. The results are
given in Table II. The reproducibility of this method appears to be
excellent.

Effect of Temperature

The effect of temperature on the counting rate was determined by
measuring counting rate as a function of elapsed time after the gample
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TABLE I

Effect of Aqueous Volume

Aqueous Volume Ioss in Counting Rate

(m1)

(%)2

0.5
1.0
1.2
1.3
Ll
1.5
1.6
1.7
1.8

0.2
0.8
1.8
3.0
3.2
3.k
3¢5

a. Compared to agqueous volume of 1 ml.

TABIE II

Reproducibility of the Method

Sample Number

Observed Counting Rate

(c/m)

LS, IR g VU VR

Average

178,100
178,598
171, 851
177,643
179,246

178,287 + 576

A MW, %
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TABIE III

Effect of Temperature on Counting Rate

Time in Ccunter Counting Rate
(min) (c/m)
1 172)692
5 17k ,200
10 176,849
15 177,105
20 178,094
30 178,210
€ 178,150

was placed in the freezer compartment of the counter at C°C. A standard
Ni63 solution was freshly prepared and immediately placed in the freezer
compartmrent. Counts were taken at various intervals. Table III shows
that a steady-state counting rate was reached and maintained after 20
nimites,

Effect of Acidity

To determine the effect of acid concentration on the counting rate,
one-rl aliquois of NiGJ solution containing varying quantities of sul-
furic acid¥* were mixed with 20 ml of the scintillator-ethanol solution
and cointed. The results (Table IV) show that the counting decreases
as the acidity increeses. The system would tolerate 1.5 N sulfuric
acid with approximately 1 % loss in counting rate. Solutions with high
acidity tended to decompose the scintillator, thus decreasing the count-
ing efficiency. However, as can he seen in the following section,
“Stability of Sample," a minimal acid concentration is necessary for
maintaining the stability of the counting sample.

Stability of Sample

In order to assess the effect of pH on the stability of the samples,
samples of various pH were preparc? and stored in the dark at room tem-
perature for varying periods of time up to 6 days. The results (Table V)
demonstrated that solutions of 0.1 N HC1l were stable for more than 6

days, while the counting rate of the other solutions (pH 5-6.5) gradually

decreased. In solutions of low acidity, nickel was probably adsorbed

¥Sulfuric acid solution, described in the later section "Back-~Extraction,"

is required to back-extract nickel into the aqueous phase.
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Effect of Acid Concentration
conc Loss in Counting Rate {
(normality)
0.5 0
1.0 0.6
1.5 1.1l
2.0 3.6
3.0 6.3
500 9.9
TABIE V
Stability of Samples
Storage Time Counting Rate (c/m)
(days) pH 1 PH 6
s
0 178,240 178,260 =
0.17 178,522 178,508 «
0.25 178,010 178,462
1.0 178,241 175,431
2.0 178,019 172,614
3.0 178,105 170,010
6.0 178,005 168,540
10 .
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TABIE VI

Effect of pH on Extraction of Nickel From Seawater

pH Percent Extracted
2.0 0.0
4.0 0.0
6.0 17.3
7.0 96.8
Te5 99.k4
8.0 99.5
9.0 99.3

onto the walls of the liquid-scintillation counting vials, thereby re-
sulting in 2x geometry and the consequent reduced counting efficiency.

PARAMETERS CONCERNED WITH THE QUANTITATIVE RECOVERY OF NICKEL
FROM SEMATER

Concentratiosn of Dimethylglyoxime for Extraction

To determine the optimum concentration of the organic resgent,
varying amounts of 1 % solution of dimethylglyoxime were used for the
extraction. The recovery was essentially 100 % within the range inves-
tigated (0.1 to 5 ml DMG per 100 ml seawater).

Effect of pH on Extraction

Extraction of nickel from seawater solutions of varying pH vwas
investigated. The results shown in Table VI indicate that quantitetive
recovery was not obtained from solutions of pH less than 7.5. Since ‘‘he
PH of natural seavater generally lies between 7.5 and 8.5, no further
adjustment of pH is necessary for the extraction procedure.

Recovery of Ni by Dimethylglyoxime Extraction

The recovery of Ni Dimethylglyoxime was studied. Table VII
gives recovery values of Ni 3 found in the two organic phases and the
one residual aqueous phase of a typical extraction. The initial mixing
time was 3 min, but a time study showed that an interval of 2 min is
sufficient for quantitative recoveries.
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TABIE VIT

Extraction of NiS3 with Dimethylglyoxime in Chloroform
From Seawater (Seawater, 100 ml; IMG, 0.5 ml; Chloroform,

10 ml)
Extraction §163 Recovered
Time (%)
(min)
CHCl, extract 1 3 97.7
CHC1; extract 2 2 2.1
Res:l.éual Aquecus 0.3
Phase
Total 100.1
Back-Extraction

Since chloroform acts as a quenching agent in liquid scintillation
counting, it was necessary to back-extract nickel into ar agueous phase.
This was easily done with acid golutions. However, since the scintilla-
tor solution could not tolerate a high acid conceatration, it was neces-
sary to determine the acid conditions for stripping that would not cause ‘
interference in the final counting sample. In this experiment a geries
of chloroform extracts containing Ni 3 were back-extracted with 10-ml
portions of solutions of varying concentraticns of sulfuric acid. The '
results (Table VIII) indicated that nickel could be back-extracted from
the organic phase with 10 ml of 0.1 N sulfuric acid. This acid concan-
tration was compatible with the final counting conditions.

TABLE VIII
Back~Extraction of Nickel From Organic Phase Into
Aqueous Phase
n,‘,soh Concentration Percent Stripped
(normality)

0.035 8.1

0.070 9%.0

0.108 100.0

0.140 100.0 .

0.180 100.0
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Extraction of Other Radiomiclides

When the SNAP metal samples are initially irradiated with neutrorns,
other radionuclides besides Nif3 are mrcduced. These may include:

Fe-58 (n,7) Fe-59
Mo-98 (n;7) Mo-99
w-18% (n,7) W-185
cr-50 (n,7) Cr-51
Ni-58 (n,p) Co-58
Ni-60 (n,p) Co-60
Fe-54 (n,p) Mn-54

In studying the corrosion behavior of the metal in seawater, then,
activities other than Ni63 will be found. Consequently it was necessary
to determine whether these other activities would interfere with the Ni
analysis. This was done by studying the extractability of these radio-
nuclides into dimethylglyoxime-chloroform and the stripping with C.1 N
sulfuric acid. The amount of each radicnmuclide recovered finelly in
the stripped aqueous phase is given in Table IX. Among the maclides
tested, none showed any significant interference with the nickel extrac-
tion. The data indicated that a minimm decontamination factor of ap-
proximately 103 can be achieved by the forsgoing procedure.

TABIE XX

Extraction of Elements with G.1 % IMG in
CHC]3 From Seawater

Ruclide Percent Extracted
Fe-59 (III) 0.13
Co-60 (1) 0.17
Mn-54 (II) 0.09
cr-51 (III) 0.17
w-18¢ (V1) < 0.01
Mc-99 (VI) < 0,01
13
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RESULTS FROM A SERTES OF SAMPLE ANALYSES

To demonstrate the sccuracy and precision of the above procedure a
series of seven 100-ml seawater samples, to which were added from
5.0 x 102 ¢/m to 1.75 X 106 c/m of K163, were analyzed. The results
are shown in Table X. The average recovery vas 99 %, with a standard
deviation of 0.94 %. The small loss probably was due to incomplete trans-
fer of the separated phases during the extraction procedure. For samples
cf very low nickel activity, increased sensitivity could be obtained by
either using larger seawater samples or by evaporating the final aqueous
volune to 1 ml in the counting vial.

TABIE X
Recovery of Nicke163 From Seawater
1B rsaea 1153 Recovered
(c/m) (%)
5.00 x 10° 97.8
1.00 x 105 98.5
1.70 x 109 101.5
6.79 x 10° 99.1
1.75 x 10° 98.1
1.75  10° 9.k

Aversge 99.0 + 0.94 %
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